INTRODUCTION
Musculoskeletal complaints as part of long term health effects among professional divers have been a topic of research and discussion for the last two decades. A higher prevalence of joint disorders has been found among Unites States (US) military divers compared to nondiving US officers, whereas the non-diving officers were found to have higher hospitalisation rates for stress-related disorders and circulatory disease [1, 2] . In a Norwegian study, former North Sea professional divers reported a reduced health related quality of life compared to the general Norwegian population as measured by the 36-Item Short Form (SF-36). All SF-36 sub-scores, including the subscale rating "bodily pain", were reduced in the diving group. Having experienced decompression sickness (DCS) and high cumulative diving experience contributed to reduced health-related quality of life scores [3] . A study performed in the United Kingdom (UK) found that divers reported more musculoskeletal complaints than offshore workers who did not dive, but these groups did not differ in reported health-related quality of life [4] . Musculoskeletal pain is associated with lower quality of life scores in other workers, such as dockworkers [5] . In the Norwegian population musculoskeletal complaints are highly associated with sick leave [6] . Another study which included a randomly drawn cohort from the general population in Norway where the respondents were in paid work found that highly demanding jobs, neck flexion and awkward lifting appear as the most important predictors of neck/shoulder pain [7] .
This study aims to investigate potential risk factors for musculoskeletal complaints in professional divers.
MATERIALS AND METHODS
Norwegian inshore divers are certified by the Norwegian Labour Inspection Authority, an occupational safety and health agency of the Ministry of Labour. From 1980 onwards, the Labour Inspection Authority has operated the Norwegian Inshore Diver Registry (Diver Registry) which contains data on all divers with a certificate valid for professional inshore diving. The Norwegian Petroleum Safety Authority manages a separate registry for off-shore divers. Those diving both inshore and offshore are recorded in both registries. By August 2010, 7,079 divers were included in the Diver Registry. Altogether 6,138 of these could be identified with their national identification number, providing their home address.
The study "Diver 2011" used a comprehensive questionnaire which was prepared and sent by mail to all identified divers and a stamped return envelope was enclosed. The questionnaire included questions about diving certification level, work situation, health and diving related issues and was posted during spring 2011 [8] .
Altogether 284 questionnaires were excluded due to returned to sender twice or not answered because the receiver told he was a non-diver. Of the remaining, 2,848 (48.7%) persons completed the questionnaire.
The analyses of musculoskeletal complaints were based on three sets of questions from the questionnaire. Each set were considered positive if the subject had given a positive answer to at least one of the sub-questions, and negative if the subject had given a negative answer to all.
"Have you during the last 12 months had pain and/or stiffness in muscles and joints, lasting for at least three months?": -Set 1: This set includes all the questions; neck, upper back, lumbar region, shoulder, elbow, wrist/hand, groin, hip, knee and ankle/foot; -Set 2: Typical strain; neck, upper back and lumbar region; -Set 3: Typical joints; shoulder, elbow, wrist/hand, groin, hip, knee and ankle/foot. Certificates are graded according to qualification: Class S is restricted to scientific diving with SCUBA gear to a maximum depth of 30 m. Class R is restricted to rescue diving to a maximum depth of 30 m. Class 1 requires practical and theoretical training to perform subsea work to a maximum depth of 50 m. Class 2 (closed bell) requires the same training (practical and theoretical) as for Class 1, but in addition the divers are trained and educated in saturation and bell diving. Class 3 requires the same training as Class 1, and in addition practical and theoretical training in specialised subsea work. The qualification range among the certificates are as follows; 2 > 3 > 1 > R, S.
The divers were categorised depending on mainly working in different industries (Quay/construction, Fish farming, Collecting shells, Offshore, Rescue, Photography, Instructor, Research) and doing certain tasks often (positive answer) or seldom/never (negative answer). Potential risk factors like physically demanding work, working with vibrating and/or rotating tools, having experienced tingling and/or numbness in fingers after working with vibrating and/or rotating tools and if the diver had had any sick leave because of tendonitis, periosteum inflammation, stretch injuries or sprains caused by diving were analysed.
When analysing the risk of musculoskeletal complaints by the divers' level of qualification, divers having restricted certification (R and S certificates) were used as references. Divers with reported DCS, with or without paresis, were compared to divers not having experienced DCS or DCS with paresis, respectively. When analysing the various industries and tasks, and the additional risk factors, divers not having worked in the industry, doing the task or have the risk factor under study were used as references.
The divers included in the study had given their written consent and the study was approved by the Regional committee for medical and health research ethics (REC WEST 2010; 02529).
STATISTICAL METHODS
The descriptive statistics are presented as graphs and tables. Quartiles of age was defined as Q1 < 37 years, Q2 = 38-45 years, Q3 = 46-53 years and Q4 > 54 years. Relative risks (RR) of musculoskeletal complaints, strain injury and joint pain were analysed by Generalised Linear Models with binomial distribution and log link. 
RESULTS
The study included 2,663 males and 185 females. The median age was 45.0 and 38.0 years, respectively.
Quay/construction and offshore divers reported more often working in: construction work (76.8% and 69.1%), blasting (34.3% and 36.4%), welding (23.5% and 31.6%), physically demanding work (69.6% and 78.5%), work with vibrating/rotating tools (80.1% and 86.2%) than divers in other diving industries (i.e. fish farming: 46.7%, 14.6%, 13.0%, 55.5%, 71.8%).
The prevalence of musculoskeletal complaints increased ( Fig. 1) with increasing age. Mean number of dives performed was 1066.3. Divers having performed 1,255 dives or more (the upper quartile) reported more musculoskeletal complaints than those having performed less dives. Having experienced DCS was reported by 469 (16.5%) of the responders. 
MUSCULOSKELETAL COMpLAINTS -CERTIFICATION LEvELS
After adjustments, divers holding certificate level 3 and 2 had increased risk of musculoskeletal complaints compared to divers holding restricted certificates (R or S). Divers holding certificate level 1 had higher risk of typical strain injuries and divers holding certificate level 1 and 3 had a higher risk of typical joint pain (Table 1) .
MUSCULOSKELETAL COMpLAINTS -DCS
After adjustments the risks of musculoskeletal complaints, strain injuries and joint pain were higher among divers having experienced DCS with and without paresis ( Table 2) .
MUSCULOSKELETAL COMpLAINTS -ALL
Working in the quay/construction industry was the only industry associated with a significantly higher risk of musculoskeletal complaints after adjustment. All tasks (construction, inspection, maintenance, laying pipes, blasting, welding) and the potential risk factors (physically demanding work, working with vibrating and/or rotating tools, having experienced tingling and/or numbness in fingers after working with vibrating and/or rotating tools and if the diver had had any sick leave because of tendonitis, periosteum inflammation, stretch injuries or sprains caused by diving) were associated with a significantly higher risk of musculoskeletal complaints after adjustment.
MUSCULOSKELETAL COMpLAINTS -STRAIN
Working in the quay/construction industry was the only industry associated with a significantly higher risk of strain injury after adjustment. All tasks except pipelaying, and all the additional risk factors (physically demanding work, working with vibrating and/or rotating tools, having experienced tingling and/or numbness in fingers after working with vibrating and/or rotating tools and if the diver had had any sick leave because of tendonitis, periosteum inflammation, stretch injuries or sprains caused by diving) were, after adjustment, associated with a significantly higher risk of strain injuries than the referents.
MUSCULOSKELETAL COMpLAINTS -jOINTS
Working in the quay/construction industry, fish farming and rescue industry, all tasks listed and all the listed additional risk factors were, after adjustment, associated with a significantly higher risk of joint pain.
Additional statistical analysis was done adjusting for age, gender, total number of dives and DCS with paresis. When analysed with this adjustment, the listed additional potential risk factors still were associated with significantly higher risk of all musculoskeletal complaints, strain injuries and joint pain. Also, with this adjustment, divers working in the quay/construction, and doing industry-related tasks (construction, inspection, maintenance, blasting and welding) had higher risk of strain injuries. The subgroup of these divers who also were engaged in pipelaying had a higher risk of joint pain. Divers working as instructors were found to have a significantly lower risk of joint pain after doing this second adjustment. However, the statistic strength of the analysis was weak after doing this second adjustment, and these results are not included in this study.
DISCUSSION
In our study, divers with higher certification levels and the subgroup who worked in the quay/construction industry tended to report musculoskeletal pain, joint pain and strain injuries equally or more often than divers holding a restricted certificate, and especially if they had experienced DCS. The prevalence of these complaints was higher among divers working in the quay/construction industry, and among divers doing demanding industry related tasks. Having experienced tingling and/or numbness in fingers after working with vibrating and/or rotating tools or having sick leave due to tendonitis, periosteum inflammation, stretch injuries or sprains caused by diving also increased risk of musculoskeletal complaints.
This cross-sectional study includes approximately half of the professional inshore diving population in Norway between 1980 and 2011, including both professional divers and divers who mostly dive recreationally (restricted certificates); divers with a great variety in total numbers of dives performed. The questionnaire used included questions related to a variety of diving-related issues and health issues. This gave us a good overview of the divers' health situation, and gave us an opportunity to look specifically into the various industries in which professional divers are employed, and the tasks they perform, to see whether some of them carry higher risk of musculoskeletal complaints than others. Not all divers responded to all questions.
Many divers have been working in more than one industry [9] , but we did not differentiate for this in our study. It is likely that several responders had had musculoskeletal complaints in more than one location [10, 11] . Neither did we differentiate between former and current professional divers. Former professional divers have reported less diving related education, higher number of annual and daily dives, more frequent DCS, loss of consciousness while diving and Fride Flatmo et al., Musculoskeletal complaints among professional divers physically demanding dives (diving with much variation in depth, depths deeper than 30 m, bottom time giving more than 15 min decompression time, strenuous dives or being cold/freezing during decompression) [8] . This might have influenced our result since loss of consciousness while diving is shown to have a negative impact on health-related quality of life in former North Sea professional divers [12] , and musculoskeletal symptoms are increased for workers in cold environments [13] .
The prevalence of musculoskeletal complaints increases with increasing age in the general population [14] , and ageing is found to increase the risk of injury during recreational diving and may decrease the divers' recovery potential [15] . In our study, divers with higher age and divers with a high total number of dives had a higher prevalence of musculoskeletal complaints. In the Hordaland Health Studies (HUSK), women were found to have higher risk of musculoskeletal complaints [16] . We did not find a difference in musculoskeletal complaints among male and female divers in our study, which may indicate that female divers are in extraordinary good health or it might be due to the low number of female divers in our data. Having had DCS during the diving career was associated with reduced health related-quality of life (SF-36) subscale `bodily pain´, both compared to the general Norwegian population and to the Norwegian divers not having experienced DCS [3] . In our data, divers having experienced DCS reported musculoskeletal complaints more often.
Overall, 48.5% of the divers in this study reported to have had musculoskeletal complaints lasting at least 3 months during the past 12 months. This prevalence is comparable to the ones found in the Norwegian general population in the Nord-Trøndelag Health Study (HUNT) (51%) [17] and in the HUSK Study (39% of males and 49% of females) [11] . In a previous UK study, a significantly higher proportion of divers reported musculoskeletal symptoms compared to offshore workers (41% vs. 34%) [18] . However, the divers doing the listed tasks were found to have a significantly higher risk of these complaints and the risk tend to be higher than the risk found in the general Norwegian population.
Heavy physical demands at work are associated with musculoskeletal complaints [19] [20] [21] [22] , which were also shown in our study. Also, psychosocial factors at the workplace are associated with musculoskeletal disorders, in particular when combined with heavy physical demands [23] [24] [25] . Psychosocial stress at work was, however, not a part of our study.
Our finding suggests divers having worked with vibration and/or rotating tools are at an increased risk of musculoskeletal complaints, as is also shown for other workers using such equipment [26] .
Musculoskeletal complaints are the dominating group of diagnosis leading to sick leave in Norway, constituting 40-50% of total annual cases [6] . Longstanding (> 3 months) symptoms is an independent risk factor shown to double the risk of sick leave [16] , and the presence of symptoms can predict sick leave in the following 12 months [27] . Sick leave was strongly associated with musculoskeletal complaints among divers in our study.
In our study, divers working in the quay and construction industry had a higher risk of musculoskeletal complaints, strain injuries and joint pain than other divers, and in general, all the tasks listed also contributed to an increased risk. Tasks like construction, blasting, welding, pipelaying, maintenance are often performed in the quay/construction industry. Construction workers are known to have increased risk of occupational ill health both globally and in Europe [28] , and higher risk of musculoskeletal disorders are shown in Germany [29] and in the UK [30, 31] . Welders have an increased risk of musculoskeletal complaints related to heavy physical demands at work [21, 30] . This is also shown to be the case for professional divers working as welders and divers having experienced work related accidents [4] which is similar to our findings.
CONCLUSIONS
Professional divers working in industries with heavy physical demands, such as the quay/construction industry, are at a higher risk of musculoskeletal complaints than professional divers working in other industries. This risk is shared by workers with high physical demands working on land. The data must be interpreted with caution since multiple risk factors, including psychosocial factors at the work place, are likely to be involved, and this study is not designed to show causality. Further research is needed to be done on this issue.
